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computers, automobiles, office equipment, iPods, iTouch and iPhones, entertainment devices and all home appliances, none can function without integrated circuit semiconductor devices. Just as Intel's corporate publicity literature asserts, "Tiny silicon chips... are changing the way people live, work, and play." [3] Intel's recent announcement that Intel is going to invest $7 billion on state-of-the art chip manufacturing-in the midst of a worldwide economic recessiondemonstrates semiconductor industry's continuing vitality and prosperity [4] . Shockley Semiconductor Laboratory and its Shockley Eight (aka Fairchild Eight), the paper details some earliest entrepreneurial attempts in the industry and tells how these attempts directly influenced over seventy semiconductor companies in Silicon Valley, including Intel Corporation, National Semiconductor, and Advanced Micro Devices. The paper then examines the industry's developing business models, including the evolution from the vertically integrated model to the integrated device manufacturing model to the emergence of the foundry model. The latter part of the paper looks at the industry's trend of globalization together with its outsourcing/off-shoring and supply chain management developments. Taking advantage of the three authors' interdisciplinary expertise, the paper studies the semiconductor industry from three perspectives:
historical, entrepreneurial, and supply chain management. The authors believe that such a multi-disciplinary approach to study an industry, although uncommon in the extant literature of industry studies, provides valuable insights into the evolution and development of an entire industry. This approach can provide a novel paradigmatic way of appreciating an industry and its vicissitudes from the industry's beginnings to ensuing developments. This approach can be generalized to study any other particular industry to enhance understanding of an entire industry, especially in this era of globalization. This paper hopes to stimulate further studies of other industries across the entrepreneurial and business landscape such as telecommunications, networking, biotech, and Internet search engine industries.
II. The Early Days and William Shockley Semiconductor Laboratory
Santa Clara Valley, located south of the San Francisco Bay and surrounded by the Sierra Mountains in the northeast and the Santa Cruz Mountains in the southwest, was nicknamed as "Silicon Valley" by Don Hoeffler, editor of the trade journal Electronic News, in 1971 and the nickname quickly caught on as a way to identify the world electronics mecca [5] . Silicon Valley has lived up to its name: throughout human history, the enhanced availability of information has created quantum leaps in human achievement. From microwave radar to laser technology to integrated circuits to disk storage to microprocessors to the Internet and E-commerce, it all started in Silicon Valley [6] . One of the most important industries, which has served as the backbone of Silicon Valley and the indispensable "bread and butter" of all high tech industries, is the semiconductor industry. Modern life and past and future economic development cannot be separated from the semiconductor industry.
How did the silicon-based semiconductor industry ever get started in Silicon Valley? Let us turn the clock back to over half a century ago in the 1950s. William Shockley carefully recruited and assembled for his venture the best team of scientists and engineers at the time. Transistors had already begun to replace bulky vacuum tubes in electronic products, promising new reliability and reduced sizes [11] . However, Shockley's venture did not last too long. As it turned out, the highlight of Shockley Semiconductor's existence may well have been the champagne breakfast to which William Shockley treated his brainy young work force after being informed of his Nobel Prize [12] . In less than two years, he decided that his lab would no longer research silicon-based semiconductors. The group of brilliant scientists and engineers began to defect and start their own company. The most famous of this group consisted of eight prominent figures in the annals of the semiconductor industry, later widely known as the "Shockley Eight" or the "Traitorous Eight" [13] , who will be discussed in more detail in the subsequent section.
William Shockley Semiconductor, dubbed as "The most successful failure" in the history of science, technology, and business [14] Hence the modern transistor was born and so was a new industry: the semiconductor industry.
Up till today, some fifty years later, the planar process is still the primary method for producing from all over the country as well as by current semiconductor industry luminaries [30] . True to its advertisement annotation "We started it all," Fairchild Semiconductor will be always recognized in history as one of the earliest and most influential entrepreneurial attempts in the annals of the semiconductor industry, which has hence brought immeasurable benefits to humankind. 
IV. Fairchildren, Fair-Grandchildren and Some Industry Icons

V. Evolution of the Business Model in the Semiconductor Industry
In this section, we would like to examine the evolution and development of various business models in the semiconductor industry. Throughout the annals of industry entrepreneurship and changes, the semiconductor industry has witnessed a progression of business models. In general, this progression has resulted consistently in more vertical specialization in the processes of designing, developing, manufacturing and testing semiconductor products. The vertical specialization in the processes further leads to the spatial division of labor at a global scale, which will be discussed further in Section V1 subsequently.
A. The Vertically Integrated Model
In the beginning, the experiments of Bardeen and Shockley at AT&T Bell Labs, which led to the discovery of the semiconductor, were motivated by finding a lower cost and more reliable replacement technology for the vacuum tube. AT&T commercialized its technology entirely through its own products, as semiconductor devices became inseparable parts of AT&T switches, exchanges and later, handset products.
IBM built its highly vertically integrated system 360 mainframe computer around captively manufactured semiconductor devices [36] . Captive manufacturing means that a manufacturing division is created specifically within the same company to provide manufactured products only for the same company. For example, IBM's semiconductor manufacturing division provides semiconductor processors only for IBM's mainframe computers. This was the initial dominant business model for semiconductors. In order to make them, a company had to create a captive subsidiary within a systems company and design the system and the semiconductors, and manufacture the semiconductor chips within the same company at the same time. This vertically integrated systems model pioneered by AT&T and later by IBM was copied by leading Japanese companies such as Hitachi, Fujitsu, NEC and Toshiba and also by leading
European companies such as Siemens, Philips Electronics, Groupe Bull and Olivetti.
For a period of time, the vertically integrated model appeared to have its major advantages: the deep knowledge of the design of the system helped in-house producers design products that would work in those systems. Semiconductor design and manufacturing were like an enigmatic form of black art, and having control within one company over all links in the supply chain, that is, over the interactions between the memory chips and the rest of the system was a tremendous benefit. As the semiconductor technology became more diffused and better understood, startup companies began to emerge and grow with newly developed business models, which were different from the vertically integrated model. One of the subsequent models is the integrated device manufacturer (IDM) model.
B. The Integrated Device Manufacturer (IDM) Model
Different from the vertically integrated model, which design and manufacture semiconductor devices for computer systems in-house, the integrated device manufacturer (IDM) business model relies on commercial supplying companies to provide components in semiconductor devices used in the system. The commercial suppliers do not make the final system, but serve as links in the semiconductor industry supply chain, providing semiconductor elements needed by other systems companies. Intel is the most noted example of this newly developed integrated device manufacturer (IDM) model. Its first products were memory products for IBM mainframe computers. Later on, Intel invented the DRAM circuit as a replacement for the core memory that IBM was using in its 360 computers [37] . Different industry players soon followed suit. These commercial suppliers included other smaller companies like Intersil, Mostek, Signetics and National Semiconductor. volumes, yet another business model was beginning to emerge: the so-called fabless model.
C. The Fabless Design/Foundry Model
The fabless design and foundry model is characterized by the total separation of the semiconductor design process from the semiconductor fabrication. The fabless design firms rely exclusively on external foundries for the manufacturing of their designed integrated circuit chips. In the following subsections, we will discuss the three successive stages of offshoring/outsourcing that have occurred in the semiconductor industry: offshoring assembly/testing, outsourcing fabrication, and now offshoring design.
A. Stage One: Offshoring Assembly/Testing
The labor-intensive chip assembly/testing functions were the first semiconductor manufacturing activities to be moved offshore. It was none other than Fairchild Semiconductor that was the first semiconductor company that shifted its assembly/testing overseas in 1961 [39] .
Assembly, which typically involves cutting the wafer into chips, requires large amount of lessskilled labor. The abundance of low cost semi-skilled labor in Asian countries motivated
Fairchild Semiconductor first to offshore its assembly to Hong Kong. As the assembly process became more and more automated in 1980s, other factors--such as government support, land cost and economic stability--became determinants in the choice of location for semiconductor assembly offshoring. Today, almost all U.S. semiconductor assembly and production activities are shifted offshore, with less than 5% remaining in the U.S. for prototyping and military purposes [40] . The low cost structure achieved by offshoring has enabled U.S. semiconductor companies to sustain their global competitiveness.
B. Stage Two: Outsourcing Fabrication
The second stage in offshoring/outsourcing of semiconductor industry is fabrication which is typically farmed out to overseas suppliers or foundries. Fabrication--the process used to create chips through a multiple-step sequence of photolithographic and chemical processing, requires substantial capital requirement for building a fabrication plant (commonly referred to as a fab) and acquiring expensive semiconductor equipment.
The emergence of the foundry model can be seen as both a result of emerging fabless semiconductor companies in late 1980s and that of increasing costs of building semiconductor fabrication plants in the U.S. These twin factors caused many integrated device manufacturers (IDMs) which manufactured their own chips previously to outsource their fabrication activities to overseas independent foundries. The foundries were a more cost-effective way to aggregate market volumes to spread the large and increasing costs of semiconductor fabrication over more units than the IDMs could hope to achieve. For example, Elpida Memory, Infineon and
Motorola have outsourced to overseas foundries an increasing amount of their chip production On the other hand, the development of technology has also greatly facilitated the growth of foundries. For example, the widespread adoption in 1980s of the metal-oxide silicon (MOS) manufacturing process enabled the division of labor in the semiconductor industry by providing a more standardized interface between the chip design process and the wafer fabrication process [43] . In the same vein, the growth of third party electronic design automation (EDA) software tools from companies like Synopsys and Cadence Design Systems has also enabled design companies and foundries to coordinate better the transfer of designs into feasible chip layouts that could be manufactured in high volumes with high yields.
The justification for the foundry model is that it is a more efficient use of capital and enables semiconductor companies to concentrate on their core competencies. The total cost of building a new fab has skyrocketed to close to $4 billion. As the fab capital outlay increases, only the largest and most successful semiconductor companies will be able to build new fabs.
More and more companies in the industry have decided to outsource the manufacturing portion of their chip products to foundries. As a result they must negotiate for whatever capacity their foundry partner(s) can arrange for them. Having an outside supplier to perform the fab function help U.S. semiconductor companies reduce capital investment and expand sales during periods when such capacity expansion cannot be financed. The resources freed up by outsourcing are invested in company's core competencies, such as design and innovation. This benefit resulted in the rapid growth of fabless semiconductor companies during 1990s [44] .
Foundries have also expanded geographically. As the demand increases, IDMs and fabless semiconductor companies have begun to seek alternative foundry suppliers to reduce their reliance on a limited number of foundries. As a result, foundries have mushroomed worldwide. For this capital-intensive process, the incentives for outsourcing are not only the cost of direct labor, but also the proximity to skilled labor, tax advantages, and favorable government regulations. Asia, including Greater China, Malaysia, Korea, Singapore, etc., with the strongest government support, accounts for the lion's share of the worldwide fabrication capacity with the largest two foundries in Taiwan: TSMC and UMC.
1) The Role of Taiwan in the Foundry Model
Taiwan has played a key role in the development of the foundry model. Establishing fabs in Taiwan is much less costly than in the United States. As reported by Don Brooks, former CEO of TSMC, it cost about twenty percent more per wafer in the United
States than it did in the environment in Taiwan. "The depreciation is the biggest cost. Utilities, (gases, power, etc.) is probably number two. The third big cost is the labor cost (including the management and the engineers), which is less than ten percent of revenue." [47] The Taiwan government has provided preferential policies such as tax holidays to semiconductor firms in the island. These policies are being imitated in mainland China as well in order to lure firms there in the future.
However, the semiconductor industry in Taiwan is more than just these foundries. A varied and rich cluster of semiconductor companies have emerged on the island that represent many specialized firms dedicated to different activities along the entire semiconductor industry value chain. Among them are design houses, foundries, testing houses and packaging companies.
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Corresponding to such rapid and sustaining economic development, demand for electronic products such as mobile phones, personal computers, personal digital assistants, DVD players, etc. has increased drastically in this world's most populous country. Such increasing demand provides a major boost to the need for semiconductor devices. This is a critical and unusual feature of the Chinese industry in that its domestic requirements promise to absorb most or all of the new semiconductor capacity in the current decade [49] . According to iSuppli data, the they are yet. They are currently playing at the end of the product life cycle, utilizing partially depreciated equipment to service legacy businesses." [54] As the trend of globalization of the semiconductor industry looms large and rapid, countries in the Asia Pacific region such as Japan, Taiwan, China and India have identified their key strengths in this space. Taiwan has focused on value added IC design, production and advanced IC manufacturing, while China has relied on low cost manufacturing and regional distribution. India is also a frontrunner in this race with its expertise in the chip design and software development. Over time, each country will make efforts to leverage its advantages to the fullest under ever-changing market and competitive dynamics.
C. Stage Three: Offshoring Design
In recent years, besides offshoring assembly and outsourcing fabrication, U.S. Outsourcing and offshoring do have their share of drawbacks as well. A geographically dispersed supply chain is likely to be exposed to different kinds of global risks, including economic, political, and business risks, thus making the management of the supply chain a formidably difficult task. According to a survey by Industry Directions Inc. and the Electronics Supply Chain Association (ESCA), the prevalence of outsourcing in electronics has resulted in companies losing control and visibility across their extended supply chain, creating increased risks to both the outsourcers (original equipment manufacturers and the fabless semiconductor companies) and service providers [55] . Therefore, outsourcing and offshoring, while greatly beneficial to the U.S. semiconductor industry, also present numerous challenges in terms of efficiently managing and controlling the semiconductor supply chain.
Global supply chain management strategies have helped the U.S. semiconductor companies gain their competitive advantage in the intensive international competition. The semiconductor industry, as one of the pioneers to invest in successive stages of outsourcing and offshore activities, has contributed to the development of supply chain management studies. In addition, the semiconductor industry, as the first industry to reply heavily on global supply chain management earlier than other high technology industries, has benefited greatly from the global supply chain management. It has demonstrated a good example of using global supply chain activities and, in its turn, has promoted the development of global supply chain activities for other industries.
VII. Summary
In conclusion, this paper has achieved what it set out to do: presenting 1) two earliest companies in the semiconductor industry: Shockley Semiconductor Laboratory and its characteristics; 2) the Fairchild Semiconductor and the Fairchild Eight; 3) some semiconductor industry icons; 4) the semiconductor industry's evolving models; and 5) the industry's globalization, outsourcing/offshoring and supply chain management. Future research will examine the industry in a more in-depth manner and will provide prognoses of the future of the industry based on the current global economic and industry trends. This paper has taken advantage of the three authors' interdisciplinary expertise and studied the semiconductor industry from historical, entrepreneurial and supply chain management perspectives. It has presented a new paradigm: a multi-disciplinary approach, to study industries in the era of globalization. It is the evolution of the industry increasingly at a global scale that justifies and entails the three perspectives of the approach for the semiconductor industry. It is believed that such an approach can provide valuable insights into the evolution and development of an entire industry. This paper hopes to have stimulated further interest in studies of other industries by using this new approach.
